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ELECTRICAL HAZARDS OF LASERS

James K. Franka
David H, Slineyt

U.S. Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010

The eye and skin hazards associated with the use of lasers
have received much attention in recent years. However,
optical hazards in general are not lethal hazards, while
electrocution is possible under certain circumstances. A
few simple precautions can materially reduce risks.

Most veterans of laser research
lahoratories can recall at least
one story of severe shock to a re-
gearch worker from a high en-
ergy electrical power supply.
Indeed, an early survey of acci-
dents associated with lasers re-
vealed that electrical accidents
occurred more frequently than
eye or skin injuries from laser
radiation. Largely as a result of
a mnearly severe electrical acci-
dent at an Army laboratory, the
authors conducted an in-depth
atudy of electrical hazards asso-
ciated with laser equipment.
Numerous high power laser de-
vices were evaluated to deter-
mine whether the hazardous
conditions that caused this one
accident were common to similar
equipment. Concurrently, a gen-
eral review of the physiological
effecta of electrical shocks was
conducted. A synopais of that
study is presented here.

A Nearly Severe Accldent
Not long ago, a 25 kilojoule
pulsed ruby laser power supply
at a government research lab-
oratory failed to discharge its ca-
pacitors when the power supply
cabinet access panel was opened.
The operator tried to discharge
the capacitors by means of an
auxiliary grounding rod. As a fl-
nal safety check prior to touch-
ing capacitor terminals, he
placed a portable voltmeter
across the capacitors to assure
that they were discharged. The
voltmeter, set on the 300 V
range, was ‘‘pegged.”

The laser power supply eém-
ployed two output terminals, a
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3 kJ output to the oacillator
stage flash lamps and a 26 kJ
output to the amplifler stage
flash lamps of the laser. The haz-
ardous situation occurred when
& faulty resistor (open circuit)
in the charging circuit permitted
& 10 kV capacitor to partially
charge by arcing (see Fig. 1).
The capacitor would . not com-
pletely discharge, because of the
open circuit, even when a dump
awitch was activated. An esti-
mated 2 kV potential remained
across the output terminals of
the laser oscillator. Since no
built-in metering was employed
for this output (a meter moni-
tored the voltage across the laser
amplifier stage), there was no
way of knowing that the capaci-
tor was charged.

A grounding rod was supplied
with the unit, but this too had
become defective. It had been
dropped, causing a discontinuity
(erack) in the rod. Deapite the 2
kV potential exiating acrosa the
capacitor, all reasonable precau-
tions suggested that there was
no charge on the capacitor. This
high voltage hazard was dis-
covered by a cautious worker
when he placed the portable volt-
meter across the capacitor ter-
minals. Fortunately, ne injury
occurred in this inatance.

Other Accidents Reported

Severe Shocks. In another gov-
ernment laboratory, an indivi-
dual working on a laser aystem
high voltage power supply acci-
dentally placed his hands across
a 30 kV terminal. Although he
was thrown acrose the room and
received skin burna at the points

of contact to the high voltage
terminals, he did not suffer more
than temporary disability.

In another case, a researcher
was working with a Pockels cell
electro-optic device raised to a 32
kV potential. After turning off
the power supply, and since
there was a small capacitor in
the circuit, he touched the ter-
minal gingerly with a shielded
cable. A white spark traveled
along the surface of the (appar-
ently rather dirty) cable to his
hand and then traveled along his
sleeve to his elbow to a metal
cabinet. He jumped or was
thrown across the room. He had
no burna or scars from the inci-
dent but did have a sore arm for
several days. A loud “crack” ac-
companied the discharge.

These cases are not unique. A

technician at another govern-
ment laboratory was momentar-
ily shocked (6 kV, 0.07 A from
the arm to the hip). These acci-
dents and reports of many simi-
lar nonfatal shocks from high
voltage discharges led us to
make thia survey.
Electrocutions. At least four in-
dividuals have been electrocuted
in the United. States while work.
ing with laser power supplies.
An experienced technician, John
L. Griffen (Spacerays, Inc., Bur-
lington, MA), loat his life as a
result of forgetting to reconnect
a high voltage transformer lead.
He had previously cut it to reach
Klystron-tube circuit compo-
nents and then reached into the
power supply when the power
was on, apperently to trouble-
shoot.*

Shri K. Singh, age 20, a doc-
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toral candidate at the Massachu-
setts Institute of Technology
(Cambridge MA), was electro-
cuted while working with a far
infrared gas laser with an end-
plate floating at 4 kV. MIT offi-
cials reported that safety covers
were not in place on the power
supply.**

A third laser worker, Tyrell
Schein (Raytheon, Waltham,
MA) died following contact with
a 15 kV circuit while trying to
change a regulator tube in a CO.
lagser power supply.***

An account of the death of
Stanford graduate student
Charles Hawley is on page 4.

Which Lasers Ara Dangerous?
Military laser range finders and
similar devices with output ra-
diant energies ranging between
50-100 mJ typically have input
electrical energies of 10-20 J
(e.g., 1.6 kV, 10 uF). These
electrical energies represent a
potential shock hazard but would
not normally be considered as a
lethal shock hazard. A 1 mW
HeNe laser used in construction
work would typically have 10 W
(2.5 mA at 4 XV) of electrical in-
put power. Although field HeNe
lasers and high power infrared
gas lasers are capable of produc-
ing lethal voltages, operating
personnel ars normally protected
by safe design. Maintenance per-
sonnel, however, can be exposed
to hazardous conditions in the
course of their duties.

On the other hand, high en-
ergy Q-switched lasers often
found in research laboratories
may have electrical inputs of 1
kJ or more with associated volt-
ages up to 100 kV. Some high
powered gas lasers also require
input electrical voltages of 100
kV, achieved through the use of
Marx generators. Clearly, re-
search and maintenance person-
nel are high risk personnel.

Regulations, Standarde and
Standara Operating Proceduras
Although most research labora-
tories utilizing high power la-
=ery have SOPs that mention the

"Repor-cd in Lanar Foecus, Vol, 7. No. 4,
April 371, p. .
*#Repe. . u in Laser Foeus, Vol. 8, No. 10,
Oetaber 1872, p. 80.
s4+Ruported in Luser Foews, Veol, 10, No. 9,
September 1974, p. 4.
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Fig. 1. Ra is open and permits capacitor C to partially charge by arcing.
The capacitor is then isolated from the dumping circuit and will not dis-
charge when the relay contacts are closed. The grounding rod R, is touched
to the capacitor terminals, but, since it is also open, preventa C from dis-

electrical hazards, many of these

SOPs or regulations do not de-
scribe this hazard in depth.
Neither do they provide detailed
safety guidelines for working in
the vicinity of such high voltage
sources.

Among the many regulations
and procedures in print, perhapa
the most useful is a publication
of the (then) Atomic Energy
Commission entitled, “Electrical
Safety Guides for Research,
Safety and Fire Protection Tech-
nical Bulletin No. 13, December
1967.” Besides this document,
one Mil Standard (454C) pro-
vides some information on the
importance of grounding electri-
cal chassis and in dealing with
safety in general, although it
does not go into detail on high

voltage power supplies. The
American National Standards
Institute (ANSI) S8tandard

Z136.1, Safe Use of Lasers, rec-
ommends that positive protec-
tion be afforded against contact
with peak open circuit poten-
tials over 42.56 V unless the cur-
rent is limited to 0.5 mA.

Physiclogical Effects

Most of the studies on electrical
shock of value to this atudy were
performed during the 1980s and
19408 at Columbia University
and the University of California,
Berkeley (many of these are
cited as references in the articles
listed in the accompanying se-
lected bibliography). In these
studies, it was determined that
several factors establish the
severity of injury associated
with electric shock.

e The current path through
the body

e The frequency, if alternating
current

e The susceptibility of the
heart in the different phases of
the cardiac cycle

& Duration of the shoek or dis-
charge
¢ Repeated shocks in different
phases of the heart cycle
» Current magnitude (not volt-
age)

e Skin resistance and whether
the voltage is sufficient (:-600
V) to break down skin resistance

A detailed discussion of the
physiological effects of electric
shock is beyond the acope of this
presentation; however, some
brief summarizing comments
are in order.

"It is well known that current,
not voltage, determines the
physiological effect of an electric
shock. It is useful to distinguish
quantitatively between at least
four levels of effects due to con-
tinuous currents.
A) Nonperceptible
currents
B) Perceptible (perhaps pain-
ful) currents below the “let-go-
threshold”

C) Currents above the “let-go-
threahold”

D) Currents that cause ven-
tricular fibrillation (discoordi-
nated heart action)

For pulsed electrical dis-
charges (as from a capacitor),
the distinction between categor-
jes B and C does not exist, and
the electrical energy (not cur-
rent) determines the possibility
of ventricular fibrillation. Sev-
eral such currents and thresh-
olds are described in Table 1.

Internal body resistance is a
constant value varying from
200-500 ohms, depending upon
the current path; contact resis.
tance may vary over several or-
ders of magnitude between 1-

electrical
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The ventrieular fibrillation threshold
current le a function of

current path, frequency

and arrival time.

100 kiloohms. High voltages
may cause breakdown of con-

. tact reslstance, in which case
contact resistance becomes neg-
ligible.

The threshold current causing
ventricular fibrillation is a func-
tion of several parameters. One
such independent variable is the
current path. A level of current
just capable of producing fibril-
lation if applied between arm
and cheat might not cause fibril-
lation if applied from arm to arm
across the chest. Such a level
would almost certainly not pro-
duce fibrillation if applied leg to
leg. Considering the hody to be a
distributed conductor provides
an intuitive model of why this ia
80.

The frequency of the applied
current 2 vo haa an effect on the
fibrillation threshold. For exam-
ple, threshold currents at 256 Hz
are 25% higher than at 60 Hz for
shock durations of one second or
more. For long durations, the
thresholds approach a single val-
ue.

Finally, the arrival time of a
short shock has an effect on fib-
rillation threshold. The heart is
most susceptible during the par-
tial refractory phase of ita cycle
(about 20% of the total cycle).
This portion of the heart cycle is
simultaneous with the T wave of
the electrocardiagram. For
shocks of less than 0.1 second, it
ia practically impossible to pro-
duce ventricular fibrillation un-
leas such shocks coincide, at
leaat in part, with the sensitive
phase of the heart cycle.

Based upon (& more
thorough) knowledge of the
physiological effects of electric
shock, it seems that many of the
instances of nonfatal electrie
shock in laser laboratoriea were
not lethal because of insufficient
currents, insufflcient duration of
pulsed discharges or pulsed dis-
charges occurring during non-
critlcal periods of the cardiac
cycle. Conversely, the three
widely reported electrocutions

occurred when the victims com-
pleted nonpulse-type circuits.

First Ald for Severs Shock Victima
Not all laboratory and mainte-
nsnce personnel were clearly fa-
miliar with first aid procedures
for victims of severe shock.
Some electrocution victims
could have been saved if asso-
ciates had realized the value of
administering first aid proce-
dures (eee inset) even after ces-
gation of heartbeat. The impor-
tance of continuing cardio-
pulmonary resuscitation in
apparently dead victims of elec-
tric shock cannot be overem-
phasized. Cases have been re-
corded where complete recovery
has been achieved even after
many minutes of sfopped or
fibrillating heart action and ces-
sation of respiration.

QGeneral Safety Guldelines
e Avoid wearing rings, metal-
lic watchbands and other metal-
lic apparel when working with
electrical equipment or in the vi-
cinity of strong induced flelds.
o Whenever possible, use only
one hand in working on circuits
or control devices, o
o Never handle electrieal
equipment when hands, feet or
body are wet or perspiring or
when standing on a wet floor.
o With high voltages, regard
all floors as conductive and
grounded, unless covered with
suitable, well-maintained dry
rubber matting.
o Learn the rescue procedures
for helping the victims of ap-
parent electrocution enumerated
below.

1. Kill the circuit. -

2. Remove the vietim with

a nonconductor if he is still

in contact with an energized

cireuit.

8. Initiate mouth-to-mouth

respiration immediately and

continue until relieved by a

physician (see inaet).

4. Have someone call for

emergency aid-

Our Recommendations

e Consgider live parta of cir-
cuits and components with peak
open circuit potentials over 42.5
V as hazardous, unless limited
to less than 0.5 mA. Such cir-
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Table I. Quantitative Effects of Rlectric Current on Mant

Physiologic Effect-

e Install interlock switches
(and capacitor bleeder resistors
if applicable), or their equiva-
lent for equipment intended for
general use, to remove the volt-
age from acceasible live parts to
permit servicing operation.
Bleeder resistors should be of
such gize and rating to carry the
capacitor discharge current
without burnout or mechanieal
damage.

e Cover or enclose circuita and
components with peak open cir-
cuit potentials of 2.5 kV or more,
if an appreciable capacitance is
associated with the circuits.

o Use a solid metal grounding
rod to assure discharge of high
voltage capacitora if serviecing of
equipment requires entrance in-
to an interlocked enclosure. The
grounding rod should be firmly
attached to ground prior to con-
tact with the potentially live
point. A resistor grounding rod
(e.g., a large wattage ceramic re-
sistor) may be used prior to ap-
plication of the aforementioned
solid eonductor grounding rod to
protect circuit components from
overly rapid discharge, but not
as a replacement for the solid
conductor rod.

o Ground the frames, enclo-
sures and other accessible metal
noncurrent-carrying metallie
parts of laser equipment.
Grounding should be accomn-
plished by providing a reliable,
continuous, metallic connection
between the parts to be ground-
ed and the grounding conductor
of the power wiring system.

e Provide information on elec-
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wotking with lasers and all las-
er laboratory peraonnel.

o Encourage the use of shock-
prevention shields, power sup-
ply enclosures and shielded leads
in laboratory experimenptal ar-
rangements, despite the tempo-
rary nature of aome high voltage
circuits,

¢ Supply safety devices such as
safety glasses, rubber gloves and

Slight sensatlon on hand : Milllamperes
Percaption threshold, medlan Direct Current Alternating Current
Shock—not painful and muscular control §0-Hx 10,000 Mz
not lost Men Women Men Women Men Women
Painful shock--muscular control lost 1 0.8 0.4 0.3 7 5
by 2% 5.2 as 1.1 0.7 12 8
Painful shock—let-go thrashold, median ] 8 1.8 1.2 17 1
Painful and severe shock-—breathing a2 4 9 -] 55 37
difficuit, muscular control lost by 98% % 76 51 18 10.5 75 50
Possible vantricular fibrlliation 90 80 23 15 04 83
Three-second shocks 500 500 =100 _ =100
Short shocks (T in seconds) 118/yT 116//T
Capacitor discharges 50" 50*
. *Energy In Joules .
tAdapted from Dalziel, item 2 in bibllography
cuits require positive protection  trical hazard prevention to all  insulating mats. _
against contact. fleld maintenance personnel e Provide metering, control

and auxiliary circuits that are
suitably protected from possible
high potentials, even during
fault conditions.

¢ Perform routine inspection
for deformed or leaky capaci-
tor containers.

e Where feasible, wait 24
hours befare attempting any
work on cireuits involving high
energy capacitors.

GRAD STUDENT
ELECTROCUTED

e Dies in Laser
Experiment

Stantord, CA—A third-year grad-
uate student became the most re-
cent person to be electrocuted while
working on a high-power laser ex-
periment. Charles Hawley, 27, ap-
parently touched a capacitor of
unknown aize, partially charged to
abaut 5,000 volts. Because of the
nature of the experiment, the ca-
pacitor wae unshielded. Although
details are sketchy as we go to
press, university officials speculate
that Hawley was overtired (the
accident took place after midnight)
and forgot that the capacitor was
charged. Investigation is continu-
ing. Three other people have died
while working with high-power
Iagsers (see “Electrical Hazards of
Lasers,” page 20). 1
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First Ald for Shock Victims

seen to rise.

exchange.

of the chest.

into the lungs of the victim.

usl,

If & person has stopped breathing or his heart has stopped beat-
ing, heart-lung resuscitation should ba started at once. If the
person ia not breathing, do the following:

1. Clear the throat. Wipe out any foreign matter in his mouth
with your fingers or cloth wrapped around your fingers.

2. Place victim on his back. Place on a firm surface such as the
floor or ground, NOT on a bed or sofa.

8. Tilt hia head straight back. Extend the neck up as far as pos-
sible (this will automatically keep the tongue out of the airway).
4. Open your mouth wide and place it tightly over the victim's
mouth. At the same time pinch the victim’s nostrils shut or close
the noatrils with your cheek. Or close the victim’s mouth and
place your mouth over his nose. Thia latter method ia preferable
with babies and small children. BLOW into the victim’s mouth
or nose with a smooth ateady action until the victim’s chest is

5. Remove mouth. Listen for the return of air that indicates air

8. Reapeat. Continue W1th relatively shallow breaths, appropriate
for victim's size, at the rate of one breath each five seconds.
NOTE: If you are not getting air exchange, quickly recheck po-
sition of head, turn vietim on his side and give several sharp
blowe between the shoulder blades to jar foreign matter free.
Sweep fingers through mouth to remove foreign matter.

After four or five breaths, stop and determine if heart is
‘beating by checking the pulse. If the heart is beating, return to
the mouth-to-mouth resuscitation and continue until breathing
starts or until a physician tells you to stop.

If the heart has stopped, begin heart masaage:*

1. Place the heel of one hand on the lower third of the breast-
bone, the other hand on top of the first.

2. Thrust downward from your shoulders with enough foree to
depress the breasthons about 1% to 2 inches.

8. Relax ai the end of each stroke to permit natural expansion

4. Repeat at the rate of about one per aecond.

If you are alone with the victim, you must alternate mouth-to-
mouth breathing with heart massage at the ratio of about 2 to
156 (two breaths, then 16 heart compressions).

If you have help, the ratio ia 1 to 5. After five heart com-
pressions, pause slightly to allow your partner to breathe once

CALL FOR HELP. Continue one or both of the above while the
victim is being tranaported to the hospital, or until he revives
or until told to stop by a physician.

*Adsptad from item 7 In bibllography and the Los Alamos Helemtific Laborstory safety man-
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